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Abstract threat of beam losses. As an important consequence of
We are developing multiparticle beam-dynamicdhis design requirement, we have been developing a
simulation codes for RIA driver-linac simulationscomputer-simulation code with the capability of
extending from the low-energy beam transport (LEBT§ccurately modeling the beam dynamics throughout the
line to the end of the linac. These codes run on thi@ac and computing the beam losses.
NERSC parallel supercomputing platforms at LBNL, The driver linac is made up of three sections. The fir
which allow us to run simulations with large numbers o the pre-stripper accelerator section consisting rof a
macroparticles. The codes have the physics capabilitiE&R ion source, and a low-energy beam transport
needed for RIA, including transport and acceleratén (LEBT) line, which includes a mass and charge-state-
multiple-charge-state beams, beam-line elements aschselection system, and a buncher/radiofrequency
high-voltage platforms within the linac, interdidita quadrupole (RFQ) injection system. This is followed by
accelerating structures, charge-stripper foils, anipe initial linac stage consisting of a room-tenzpere
capabilities for handling the effects of machineesrand RFQ linac, a medium-energy beam transport (MEBT)
other off-normal conditions. This year will mark thede line, and the low-velocity (lovB) superconducting
of our project. In this paper we present the statuthef accelerating structures. The pre-stripper  section,
work, describe some recent additions to the codes, adeécelerates the beam, consisting of two charge dtates

show some preliminary simulation restilts. uranium, to an energy of about 10 MeV/u, where the
beam passes through the first stripper and new charge
INTRODUCTION states are produced.

The present concept for the Rare Isotope AcceleratthThe second section of the linac uses medium-
. . .“’Superconducting structures to accelerate the multehar
(RIA) project [1] includes a 1.4-GV CW supercondugtin P g u

. . . ; ; . state beam from the first to the second stripper at an
driver linac. The driver linac is designed for meti@rge- . . Ppe
- . . . energy of about 85 MeV/u. This mediyin-section
state acceleration [2] of all stable species, indgdi accelerates about five charge states for uranium. i$his
protons to 900 MeV and uranium to 400 MeV/u. | 9 ;

conventional heavy-ion linacs, a single charge-diatam Yollowed by the third and final section of the linachich
of suitably high intensity frbm an electron-cyclatro uses high - superconducting structures to _accelerate
resonance (ECR) ion source is injected into theclithe typically four charge-states for uranium to a fieakrgy

linac typically contains one or more strippers at bigh of 400 MeVi/u.

energies to further increase the beam charge states %eTZ(:ggstrilnpfggorgfgﬁﬁqg;ézeOcir'tvheer Itréag%saﬂgygp
improve acceleration efficiency. However, the limdat P p Q.

to a single charge state from the ion source and € The LEBT is designed to focus, bunch, and inject two

: L : : .charge states for uranium into alternate longitudina
stripper significantly reduces the beam intensity. Thi
disadvantage is addressed in the RIA driver-linacgtriuesi%u‘:kEts of the RFQ. The LEBT RF buncher system

concept by the innovative approach of simultaneo ONsists of two main components. The first RF buncher

acceleration of multiple charge states of a given io%avIty system (multiharmonic buncher) uses four

species, which results in high-power beams of seve ?rmonics and is designed to capture 80% of eacheharg

hundred kilowatts for all beams ranging from prottms state within the Iong|tud!nal acceptance of th_e RFEQ
uranium. Initial beam-dynamics studies [2], suppoligd second RF buncher cavity mat_ches the velocity oh eac
experimental confirmation at the Argonne ATLASCh_TZ1rge St%te to;lhe def5|gn \E)elocr[y ?jf thedRFg. tivai
facility [3], have demonstrated the feasibility bfst new 0 avold problems from béam-induced radioactivation
approach. beam losses must be |ImIFed to Ie_ss than about 1 watt pe
The high-power beam associated with multiple chargé’rJEter [51,[6], particularly in the high-energy pait the

state acceleration introduces a new design Consmimaccelerator. This low beam-loss requirement imposes a

control beam losses that can cause radioactivatioheof tchallenge for controlling emittance growth throughtie

driver linac [4]. Radioactivation of the linac-bek driver-linac, especially because of the complicatidn o

components will hinder routine maintenance and résult multlple charge-state beams. In addition to increptie

reduced availability of the facility. Therefore,iill be intensity, acceleration of mult!ple chgrge-sta'te ma
important for the RIA project to produce a robustrbea produces a larger total longitudinal emittance, iasireg

dynamics design of the driver linac that minimizes th«Ehe thre_at of beam losses. For any proposed design It
Imperative to compute the high-energy beam losses with

" This work is supported by the U. S. DepartmerEmérgy Contract sufn(_:lent accuracy . t(.) ensure that the . beam-loss
W-7405-ENG-36 requirements are satisfied. Such a computation normally




requires the use of simulation codes that accuratetk tr RIAPMTQ: transport and acceleration of multiple-aje
the beam particles through the whole acceleratarguai state beams (2 at present), beam-line elements ingludi
physics model that includes all effects that can lead high-voltage platforms within the linac, interdigit
emittance growth and possible beam losses. accelerating structures, charge-stripper foils, cajpialil

A significant amount of accelerator design work hafor simulations of the effects of machine errors idatg
already been done at two institutions, Argonne Nafionmisalignments, and other off-normal operating conditions
Laboratory (ANL) [5] and Michigan State University and beam steering. We presently have a PC versidreof t
(MSU) [7]. The LANA code [7,8] is presently used atcode, including the modifications, running. The patal
MSU for superconducting linac simulations. The codeersion is still being debugged. Soon we expect run
TRACK [9] is used at ANL. The LANA code was usedsimulations to benchmark and compare the two codes. A
extensively during the design and commissioning of thedditional stripper model will be also implemented soon.
radioactive beam linac ISAC-1 at TRIUMF [10]. It sva Our RFQ design codes, which are distributed thrahgh
benchmarked as a result of the commissioningAACG, including PARI, have also been modified te b
measurements, and is also being used for the designcompatible with RIAPMTQ.
ISAC-Il, a superconducting linac for production @i
beams with energies above the Coulomb barrier. IMPACT

Much progress has been made in the last year toThe IMPACT code is a parallel particle-in-cell (PIC)
develop faster end-to-end simulation tools for RIA beam dynamics code. It has a large collection oftiea
more accurately compute beam losses. The developmetgments, calculates the acceleration numericallpgusi
of such a simulation tool has been the primary ohjecti RF cavity fields obtained from electromagnetic field
of our work. This year is the final year of our paijeAt  solver codes, and calculates 3D space charge withadever
the end of this year we expect to make our codetable boundary conditions. Because of already being
to the RIA accelerator design community. We will alsdparallelized,” the IMPACT code has required only
make a users manual available. Eventually, distribugfon minimal modifications for RIA. These include adding the
the RIAPMTQ code may also be available to the géneraultiple-charge-state capability, improved modelliof
accelerator design community through the Los Alamdsending magnets, various stripping models, a beam
Accelerator Code Group (LAACG) scrapper, and a multipole magnet model including a

sextupole, octupole, and decapole.

CODE DEVELOPMENT AND STATUS

Our starting point for the development of these codes SIMULATION RESULTS

for RIA has been to modify the well-established, and We recently reported some preliminary simulation and
benchmarked, multiparticle-beam-dynamics coddsenchmarking results [13]. Additionally, the parhlle
PARMTEQM [11] and IMPACT [12]. The IMPACT IMPACT code has been implemented at ANL and is
code was originally developed to run on parallelbeing used to study their driver-linac design [14]e W
processor machines and models the high-energxpect to continue additional benchmarking acteiti
superconducting accelerator of the driver linac. elosv, against the TRACK and LANA codes throughout the
to provide the necessary speed and statistical accfomcy remainder of this final project year.

the low-energy sections, a new parallel-processorarersi For this paper and as an example, we include PC
of PARMTEQM, now called RIAPMTQ, has beenRIAPMTQ simulation results for the Michigan State
developed to model the LEBT, RFQ, and MEBT of thé&Jniversity (MSU) RFQ design. A sample input file

RIA driver linac. containing a representative RIA RFQ and medium-energy
beam transport (MEBT) section was used. Simulations
RIAPMTQ were run using two charge states (28 and 29) ofiwman

The Fortran 90 version of PARMTEQ distributed238. In this example the low-energy beam transport
through the LAACG was the basis for RIAPMTQ. Thesection is not included for simplicity. Two matchedial
code was “parallelized” by incorporating the necgssarandom input beam distributions were generated at th
Message Passing Interface (MPl) commands to allow tleatrance of the RFQ. The two beams were then
code to run in the parallel-multi-processor environnan simultaneously tracked through the RFQ and MEBT.
NERSC. Optimization of the code using “domainTable 1 gives some of the RFQ and MEBT parameters,
decomposition” was not thought to be necessargnd initial beam parameters used for the simulations.
therefore, the simpler, more straightforward apphoaf Figure 1 shows the beam envelope as a function of
“particle decomposition” was used. To preserve shityla distance along the RFQ and MEBT. The final beam
with the PC-based code, identical input file formatse transverse and longitudinal phase-space distributioms a
retained. The most significant code modifications weralso shown. The RFQ transmission is found to be high
required in the parallelization of the space-chargesing our initial input beam parameters. No attemas w
calculations which consume the majority of themade to tune the MEBT parameters to match the
computing time in multi-particle simulations. Thedownstream driver linac or to give identical outpeam
following RIA-specific modifications were made toparameters for both beams in this example simulation.



After completing the debugging of the parallel vemsof
RIAPMTQ, we hope to soon be able to complete end-tatatistics simulations including operational and atignt
end simulations using RIAPMTQ and IMPACT for botherrors in order to estimate beam losses and to optimize

the ANL and MSU designs.

Table 1. RFQ, MEBT, and input beam parameters.

RFQ Frequency 80.5 MHz
RFQ Length 4.09m
Number of RFQ Cells 175

RFQ Injection Energy

0.01198 MeV/nucleon

RFQ Output Energy

0.29286 MeV/nucleon

MEBT Elements

Drift 70.0 cm
Solenoid 29.1 kG, 40 cm
Drift 102.36 cm
Buncher -90°, VoT=0.039 MV
Drift 4.68 cm
Buncher -90°, VoT=0.039 MV
Drift 32.34cm
Solenoid 40.7 kG, 40 cm
Drift 60 cm
RMS Input Beam
Emittances
Transverse 0.0609r-cm-mrad
Longitudinal

0.1388r-deg-MeV

MSU RFQ and MERT
Xiracl) vs, X(erm)
050 0s0

(rad) vs

Yierm) GIE/E ve. dphi(den)

025

-oso -.050

025

1000 -1.000
MEBT, glement 10

o 1.000 -80.000 o 90.000

Xrms yrms(em) vs. Z(m)

1.000

8.000

linac. These codes will be used to do realistic high

future design iterations. For any proposed design it is
imperative to estimate the high-energy beam losses with
sufficient accuracy to ensure that the beam-loss
requirements of less than about 1 watt per meter. tilat w
allow hands-on maintenance of the linac, are satisfied.
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